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Purpose: We investigated what kinds of neurotransmitters are related with elec-
troacupuncture (EA) analgesia in an arthritic pain model of rats. Materials and 
Methods: One hundred rats were assigned to six groups: control, EA, opioid, ad-
renergic, serotonin and dopamine group. A standardized model of inflammatory ar-
thritis was produced by injecting 2% carrageenan into the knee joint cavity. EA was 
applied to an acupoint for 30 min in all groups except fo the control group. In the 
opioid, adrenergic, serotonin and dopamine groups, each receptor antagonist was 
injected intraperitoneally to their respective group before initiating EA. Results: In 
the opioid receptor antagonist group, adrenergic receptor antagonist group, sero-
tonin receptor antagonist group, dopamine receptor antagonist group and the con-
trol group weight-bearing force decreased significantly from 30 min to 180 min af-
ter EA in comparison with the EA group. Conclusion: The analgesic effects of EA 
are related to opioid, adrenergic, serotonin and dopamine receptors in an arthritic 
pain model of rats.
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INTRODUCTION
Arthritis is a chronic disease induced by inflammation of joints. Arthritis involves 
destruction of cartilage which allows joints to move smoothly and absorbs pres-
sure on the joint, thus resulting in stiffness, pain and swelling of the joints in-
volved. Arthritis arises in various forms such as osteoarthritis, gout, rheumatoid ar-
thritis, psoriatic arthritis, and etc. Among them, osteoarthritis is the most common. 
As average life expectancy has become extended, more people are vulnerable to 
chronic arthritis and, particularly, osteoarthritis. Although arthritis is not a primary 
cause of death, physical limitation, loss of ability, pain, and depression caused by 
chronic arthritis not only affects patients’ lives but also influences the people 
around them. As the underlying cause of arthritis cannot usually be cured, the goal 
of treatment is to reduce pain.1 Thus, management of arthritic pain is most impor-
tant in patients with chronic arthritis. 
Acupuncture has traditionally been used in oriental medicine for the management 
of diseases and pain. Today, since acupuncture was proposed by a National Institutes 
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leg of the rat under halothane (1-2 vol %) anesthesia. 
Weight-bearing behavioral tests
To estimate the level of pain in the arthritic knee, behavioral 
tests were performed starting from 4 h after the injection of 
carrageenan. To examine the effects of acupuncture or EA on 
weight-bearing force, acupuncture or EA was applied to an 
acupoint for 30 min under halothane anesthesia. Weight-
bearing force measurements were repeated every 30 min fol-
lowing the termination of manual acupuncture and EA. 
A special testing device causing minimal restraint of the 
rats was used to measure the weight bearing of the foot. This 
apparatus was composed of a starting box, a path, and an ar-
rival box. The path of the apparatus was constructed in such 
a way that, while a rat was walking through it, the weight 
load on a given leg of the animal could be monitored at a 
maximum of four different spots along the path. The floor 
of the path consisted of eight acrylic plates (length: 5×10 
cm) attached to load cells (Dana load cell LTD, Seoul, Ko-
rea). These plates were lined up in two rows of four. The 
sidewalls of the path were built with two movable acrylic 
plates so that the width of the path could be adjusted ac-
cording to the size and walking pattern of the animal. This 
adjustment prevented the rat from stepping on the plates on 
the contralateral side. Arrival boxes were made with trans-
lucent and black acrylic plates. The starting box was illumi-
nated with a bright light. The output of each load cell was 
fed to an amplifier (Neuropack 8 MEB-4200K, Nihon Ko-
hden Co., Tokyo, Japan). The amplified signals were sent to 
a personal computer via an analog-digital converter (1401 
Plus, CED, Cambrige, UK) and plotted as a time-weight 
curve using software (Spike 2, CED, Cambrige, UK). This 
test was initiated by placing the rat in the starting box. As 
the animal walked through the path between the starting 
and arrival boxes, the investigator identified the plates on 
which the rat stepped with the paw of interest.5,9
Acupoints and frequency of EA 
For the main study of the analgesic mechanism of EA in 
the arthritic pain model of rats by carrageenan injection, a 
preliminary study was conducted in order to determine the 
most effective acupoints among four and the appropriate 
frequencies among low and high frequency EA. 
To see what kinds of acupoint were most effective, 120 
rats were examined in six groups according to acupuncture 
location: control group (no manual acupuncture stimulation, 
n=20), sham group (acupuncture on a sham-acupoint, n=20), 
of Health (NIH) consensus as a therapeutic intervention of 
complementary medicine (NIH, 1997), acupuncture efficacy 
has become more accepted in the western world. 
Since acupuncture therapy is claimed to be effective in 
many medical fields, including acute pain, many investiga-
tors have attempted to explain the mechanism of acupunc-
ture in many diverse ways. Although several studies have 
suggested the effectiveness of acupuncture analgesia of 
pain in animal models and although acupuncture analgesia 
is widely used in pain clinics, the results of controlled clinical 
studies are still inconsistent.2,3 Nowadays, there are two dif-
ferent approaches to acupuncture therapy, which are manu-
al acupuncture and electroacupuncture (EA). EA combines 
the therapeutic effects of traditional manual acupuncture 
and transcutaneous electric nerve stimulation.4 In contrast 
to manual acupuncture, EA can be more standardized for 
frequency, voltage, and wave form. Moreover, some studies 
have suggested that EA has more analgesic effects than 
manual acupuncture.5 Several animal studies have shown 
that EA is effective against chronic inflammatory pain and 
ankle sprains.6,7 Also, our past study showed that EA is very 
effective against arthritic pain induced by the injection of 
carrageenan into knee joint cavities of rats.8
The aim of this study was to investigate what kinds of neu-
rotransmitters are related with the analgesic effects of EA, 




Experiments were performed on adult male Sprague-Daw-
ley rats (250-350 gm, Daehan Biolink Co. LTD., Eumseong, 
Korea). Animals were housed in groups in plastic cages 
with soft bedding under a 12/12 h reversed light-dark cycle 
(light cycle: 8:00 AM-8:00 PM). Temperature (22±2°C) 
and humidity (50±10%) were controlled constantly. Food 
and water were available ad libitum. The care and use of 
laboratory animals in this experiment were based on the 
Guidelines and Regulations for Use and Care of Animals at 
Yonsei University.
Induction of arthritis
A standardized model for the induction of inflammatory ar-
thritis was produced by injecting 2% carrageenan (50µL, sus-
pended in sterile saline; Type Ⅳ lambda-carrageenan, Sigma, 
St. Louis, MO, USA) into the knee joint cavity of the left hind 
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halothane anesthesia. Two strainless steel acupuncture nee-
dles (size: 0.3 mm in diameter and 30 mm in length) were 
inserted into specific points, the Zusanli and the Yinlingquan 
acupoints at a depth of 5 mm, and electrical stimulations of 
100 Hz frequency for 30 min were applied by a Stimulus 
Isolator A385 (World Precision Instruments, Sarasota, FL, 
USA) equipped with the Pulsemaster A300 (World Preci-
sion Instruments, Sarasota, FL, USA). For the electrical stim-
ulation of 100 Hz, the pulse duration was 0.2 ms and the in-
tensity was 2 mA for 30 min as a bipolar square wave current 
output. Weight-bearing force was measured repeatedly fol-
lowing the termination of EA.
Study groups
To estimate the analgesic mechanism of EA, 100 rats were 
divided into 6 groups according to respective receptor an-
tagonists: control (n=17), EA (n=17), opioid (n=17), adren-
ergic group (n=17), serotonin (n=16) and dopamine (n=16). 
The control group comprised only inflammatory arthritis 
induced pain. The EA group received EA without a recep-
tor antagonist. For opioid, adrenergic, serotonin and dopa-
mine groups, we injected opioid antagonist (naloxone; 1 
mg/kg), adrenergic antagonist (yohimbine; 2 mg/kg), sero-
tonin antagonist (ondansetron; 0.5 mg/kg) and dopamine 
antagonist (metoclopropamide; 0.5 mg/kg) intraperitoneal-
ly before stimulation with EA, respectively. 
Statistical analysis
Data were presented as mean±standard error of the mean. 
Statistical tests were done using a one-way repeated mea-
sures analysis of variance followed by a Dunnett’s (2-sided) 
post hoc multiple comparison at each time point. A p value 
of less than 0.05 was considered statistically significant.
RESULTS
Four acupuncture points, the Zusanli, Yinlingquan, Hegu 
and Taichong showed similar effects for reducing arthritic 
pain induced by the injection of carrageenan according to 
weight-bearing behavioral tests. The sham point group 
showed no reduction in arthritic pain (Fig. 1).
The weight-bearing force was greatly improved from 60 
min to 180 min after EA compared to the control group. 
Frequencies of 2 Hz and 100 Hz seem to have similar ef-
fects. The responses of sham acupoint group and the con-
trol group were comparable (Fig. 2). 
as well as Zusanli (n=20), Yinlingquan (n=20), Hegu (n=20), 
and Taichong (n=20) acupoint groups. As the control group, 
in accordance with many previous acupuncture studies, acu-
puncture was applied to the respective acupoints of interest 
without manipulation rather than non-application to the acu-
puncture points.10 As for the sham group, lipid tissue located 
along the border of the body trunk at the thigh on the contra-
lateral side was selected as a sham-acupoint. The needle was 
inserted at the sham-acupoint with the same manipulation as 
for the four other acupoints as follows: the stainless acupunc-
ture needle was inserted vertically through the skin to a depth 
of about 5 mm, and then rotated manually right and left three 
times per second for each 30 min stimulation period. 
In order to find out the differences of analgesic effects of 
EA according to low and high frequencies on weight-bear-
ing force, 68 rats were examined in four groups: control 
group (n=17), sham group (n=17), low frequency stimula-
tion of 2 Hz (n=17) and high frequency stimulation of 100 
Hz (n=17). The low frequency group and the high frequen-
cy group received EA stimulation upon the needle inserted 
at the Zusanli and the Yinlingquan acupoint. The control 
group received no electrical stimulation upon insertion of 
the acupuncture needle. The sham group received EA stim-
ulation upon the needle inserted at the sham acupoint.
Electroacupuncture
EA was applied to two acupuncture points for 30 min under 
Fig. 1. Effects of manual acupuncture on weight-bearing behavioral tests of 
rats with arthritis. Percent changes of weight-bearing force to body weight 
compared with responses before acupuncture were plotted. There were 
statistically significant differences in response between the acupuncture 
group and the control group at 30-180 min after the termination of acupunc-
ture. There were no differences in response between the sham acupoint 
group and the control a group. Data were analyzed by one-way ANOVA with 
the Dunnett’s (2-sided) post-hoc test for multiple comparisons. *Statistical 
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tory pain.12 Naloxone has already been known to block EA-
induced antinociception as a result of many studies, although 
there are conflicting reports in human subjects. The analgesic 
effect of EA is largely decreased by blocking the opioid re-
ceptors in periaqueductal grey (PAG) matter with naloxone 
or antibodies against μ- or δ-receptors.11 The microinjection 
of the mixed peptidase inhibitors of amastatin, captopril and 
phosphoramidon into the PAG prevents hydrolysis of an en-
zyme-induced degradation of endogenous opioid peptides, 
potentiating the effects of acupuncture analgesia.13 In the 
current study, EA induced analgesic effect was also blocked 
by naloxone. 
Serotonin and its receptors in the CNS are related to the 
modulation of nociceptors.14 An electrophysiological study 
reported serotonin receptor subtype antagonists are involved 
in EA-induced inhibition of acute nociceptive responses pro-
voked by stimulating the tooth pulp of rabbits.15 However, 
there are some other compelling data. The blocking of sero-
tonin receptors by serotonin synthesis inhibitors induced in-
hibition of acupuncture analgesia.10 Respectively, serotonin 
receptor degradation by pargyline, an amonoamineoxidase 
inhibitor, induced potentiation of acupuncture analgesia.16 
In the current study, ondansetron, a 5-hydroxytrptamine3 (5-
HT3) receptor antagonist, showed blockade of EA induced 
analgesic effect. These data shows that 5-HT3 receptor sub-
types are important in EA analgesia in arthritic pain.
As shown in Fig. 3, in the opioid receptor antagonist group, 
adrenergic receptor antagonist group, serotonin receptor an-
tagonist group, dopamine receptor antagonist group and con-
trol group, weight-bearing force decreased significantly from 
30 min to 180 min after EA in comparison with EA group. 
DISCUSSION
In this study, EA attenuated arthritic pain induced by carra-
geenan injection and the analgesic effects of EA were relat-
ed to opioid, adrenergic, serotonin, and dopamine receptors. 
The analgesic effect of acupuncture is a complicated neu-
ronal process mediated by many different neurotransmitters 
and modulators. Many signaling molecules such as opioid 
peptides, serotonin, noradrenalin, dopamine, cholecystoki-
nin octapeptide, glutamate, γ-amino-butyric acid and other 
bioactive substances may be involved in acupuncture anal-
gesia. Also, many brain regions are related with opioid pep-
tides during acupuncture. The analgesic effect of acupuncture 
is decreased at the supraspinal level when opioid receptor an-
tagonists are given.11 Naloxone reversed the analgesic ef-
fect of electrical stimulation by antagonizing μ-receptors, as 
well as, weakly, κ-, δ- receptors. This result is consistent with 
the Zhang, et al. paper in which μ-, δ- receptors were related 
to analgesia for both 2 and 100 Hz EA in rats with inflamma-
Fig. 2. Effect of low frequency and high frequency electroacupuncture on 
weight-bearing behavioral tests of rats with arthritis. Percent changes of 
weight-bearing force to body weight compared with responses before elec-
troacupuncture were plotted. There were statistically significant differenc-
es in response between the EA group and control group at 60-180 min after 
the termination of electroacupuncture. There were no differences in re-
sponse between the sham acupoint group and the control group. Data were 
analyzed by one-way ANOVA with the Dunnett’s (2-sided) post-hoc test for 
multiple comparisons. *Statistical significance was defined as p<0.05. EA, 
electroacupuncture; ANOVA, analysis of variance.
Fig. 3. Effect of neurotransmitter antagonists on weight bearing behavior 
test of rats with arthritis. Percent changes of weight-bearing force to body 
weight compared with responses before electroacupuncture were plotted. 
The neurotransmitter receptor antagonist groups and control group showed 
significant decrease in weight-bearing force from 30 min to 180 min after 
electroacupuncture in comparison with the EA group. Data were analyzed 
by one-way ANOVA with the Dunnett’s (2-sided) post-hoc test for multiple 
comparisons. *Statistical significance was defined as p<0.05. EA, elec-
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Hz) stimulations. These results are different from the stud-
ies by Han, et al.11 These different results may come from 
various stimulation parameters such as different durations, 
frequencies and intensities of biphasic square pulses.
As far as we know, this is the first study to investigate the 
analgesic mechanism of EA in the aspect of several neu-
rotransmitters, simultaneously. In the present study, we were 
able to verify that the analgesic mechanism of EA is related 
with opioid, adrenergic, serotonergic and dopaminergic sys-
tems, which agrees with previous studies. However, our re-
sults also showed that one of the receptor antagonists relat-
ed to opioid, adrenergic, serotonergic and dopaminergic 
system abolished the analgesic effect of EA on the same 
plane as the control group. Thus, all of these mechanism 
may be closely connected with each other and facilitate the 
analgesic effect of EA. Additionally, well designed studies 
are necessary to investigate the relation of opioid, adrener-
gic, serotonergic and dopaminergic systems in the analgesic 
mechanism of EA.
In summary, EA attenuated arthritic pain induced by car-
rageenan injection. The analgesic effects of EA are related 
to opioid, adrenergic serotonin, and dopamine receptors in 
an arthritic pain model of rats. 
ACKNOWLEDGEMENTS




1. Hunter DJ, Lo GH. The management of osteoarthritis: an over-
view and call to appropriate conservative treatment. Med Clin 
North Am 2009;93:127-43.
2. Ezzo J, Berman B, Hadhazy VA, Jadad AR, Lao L, Singh BB. Is 
acupuncture effective for the treatment of chronic pain? A system-
atic review. Pain 2000;86:217-25.
3. ter Riet G, Kleijnen J, Knipschild P. Acupuncture and chronic 
pain: a criteria-based meta-analysis. J Clin Epidemiol 1990;43: 
1191-9.
4. Lin JG, Chen WL. Acupuncture analgesia: a review of its mecha-
nisms of actions. Am J Chin Med 2008;36:635-45.
5. Ulett GA, Han S, Han JS. Electroacupuncture: mechanisms and 
clinical application. Biol Psychiatry 1998;44:129-38.
6. Huang C, Hu ZP, Long H, Shi YS, Han JS, Wan Y. Attenuation of 
mechanical but not thermal hyperalgesia by electroacupuncture 
with the involvement of opioids in rat model of chronic inflamma-
tory pain. Brain Res Bull 2004;63:99-103.
7. Koo ST, Lim KS, Chung K, Ju H, Chung JM. Electroacupuncture-
Noradrenalin plays a different role at spinal and supraspi-
nal levels. The analgesic effects of EA are blocked by ad-
ministering the precursor of noradrenalin, whereas it is po-
tentiated by administering intrathecally.17 The analgesic 
effects of EA are significantly inhibited by injecting α2 re-
ceptor antagonist, yohimbine, intrathecally, but it was not 
inhibited by α1 receptor antagonist, prazosin, in a neuro-
pathic pain model of rats.18 In another one of our experi-
ments, in an arthritic pain model, the analgesic effects of 
EA also were blocked by yohimbine. 
Some reports revealed that dopamine receptor antago-
nists potentiated EA analgesia.19 Dopamine receptors can 
be grouped into two main classes, D1-like and D2-like re-
ceptors. The main distinction between the two classes is 
that D1-like receptors activate adenyl cyclase, where D2-
like receptors inhibit adenyl cyclase. In addition, D1 recep-
tor antagonists increase upregulated opioid receptors in many 
brain regions. It shows that D1 receptors may be associated 
with potentiating EA analgesia.20 King, et al.21 showed that 
D2 receptor activation may oppose opioid analgesia. In our 
current study, the D2 antagonist metoclopramide reduced 
the analgesic effects of EA in an arthritic pain model. These 
somewhat conflicting results may be related to differences in 
the route of drug administration, receptor subtype selectivity 
and differences in the experimental pain model. 
There are various results supporting that different frequen-
cies in EA analgesia seem to be associated to different opioid 
subtypes.22,23 The administration of various specific opioid 
antagonists intrathecally showed that 2 and 100 Hz EA-in-
duced analgesic effects were related to μ-/δ-, and κ-receptors, 
respectively. These results suggest that low frequency EA is 
related to μ-/δ- receptors and high-frequency EA are related 
to κ-receptors. This might suggest that 2 Hz EA has better 
pain relieving effects by producing endomorphin.24 In patho-
logical conditions such as inflammatory pain, both 2 and 100 
Hz EA-induced analgesia are related to only μ-/δ-receptors, 
not κ-receptors.25 
In the present study, acupuncture applied to four acupoints, 
Zusanli, Yinlingquan, Hegu and Taichong showed similar 
effects on reducing arthritic pain induced by the injection of 
carrageenan. Therefore, we selected the two acupoints of 
Zusanli and Yinlingquan, which were equally effective acu-
puncture points, for EA study. Following EA of low frequen-
cy (2 Hz) and high frequency (100 Hz) stimulations, weight-
bearing behavior was improved by EA in comparison with 
the control group, and there were no differences in response 
between the low frequency (2 Hz) and high frequency (100 
Mechanism of Electroacupuncture in Arthritic Pain
Yonsei Med J   http://www.eymj.org   Volume 52   Number 6   November 2011 1021
16. Baek YH, Choi DY, Yang HI, Park DS. Analgesic effect of elec-
troacupuncture on inflammatory pain in the rat model of collagen-
induced arthritis: mediation by cholinergic and serotonergic recep-
tors. Brain Res 2005;1057:181-5.
17. Xie CW, Tang J, Han JS. Central norepinephrine in acupuncture 
analgesia. Differential effects in brain and spinal cord. In: Takagi 
H and Simon EJ, editors. Advances in endogenous and exogenous 
opioids. Tokyo: Kodansha; 1981. p.288-90. 
18. Kim SK, Park JH, Bae SJ, Kim JH, Hwang BG, Min BI, et al. Ef-
fects of electroacupuncture on cold allodynia in a rat model of 
neuropathic pain: mediation by spinal adrenergic and serotonergic 
receptors. Exp Neurol 2005;195:430-6.
19. Wang YQ, Cao XD, Li KY, Wu GC. Relationship between elec-
troacupuncture analgesia and dopamine receptors in nucleus ac-
cumbens. Zhongguo Yao Li Xue Bao 1997;18:494-6.
20. Zhu CB, Li XY, Zhu YH, Xu SF. Binding sites of mu receptor in-
creased when acupuncture analgesia was enhanced by droperidol: 
an autoradiographic study. Zhongguo Yao Li Xue Bao 1995;16: 
311-4.
21. King MA, Bradshaw S, Chang AH, Pintar JE, Pasternak GW. Po-
tentiation of opioid analgesia in dopamine 2 receptor knock-out 
mice: evidence for a tonically active anti-opioid system. J Neuro-
sci 2001;21:7788-92.
22. Wang Y, Zhang Y, Wang W, Cao Y, Han JS. Effects of synchro-
nous or asynchronous electroacupuncture stimulation with low 
versus high frequency on spinal opioid release and tail flick noci-
ception. Exp Neurol 2005;192:156-62.
23. He LF. Involvement of endogenous opioid peptides in acupunc-
ture analgesia. Pain 1987;31:99-121.
24. Acupuncture. NIH Consens Statement 1997;15:1-34.
25. Ernst E, White A, Editors. Acupuncture: a scientific appraisal. Ox-
ford: Butterworth Heinemann; 1999. p.11-30.
induced analgesia in a rat model of ankle sprain pain is mediated 
by spinal alpha-adrenoceptors. Pain 2008;135:11-9.
8. Oh JH, Bai SJ, Cho ZH, Han HC, Min SS, Shim I, et al. Pain-re-
lieving effects of acupuncture and electroacupuncture in an animal 
model of arthritic pain. Int J Neurosci 2006;116:1139-56.
9. Min SS, Han JS, Kim YI, Na HS, Yoon YW, Hong SK, et al. A 
novel method for convenient assessment of arthritic pain in volun-
tarily walking rats. Neurosci Lett 2001;308:95-8.
10. Han JS, Terenius L. Neurochemical basis of acupuncture analge-
sia. Annu Rev Pharmacol Toxicol 1982;22:193-220.
11. Han JS, Xie GX, Zhou ZF, Folkesson R, Terenius L. Acupuncture 
mechanisms in rabbits studied with microinjection of antibodies 
against beta-endorphin, enkephalin and substance P. Neurophar-
macology 1984;23:1-5.
12. Zhang WT, Jin Z, Cui GH, Zhang KL, Zhang L, Zeng YW, et al. 
Relations between brain network activation and analgesic effect 
induced by low vs. high frequency electrical acupoint stimulation 
in different subjects: a functional magnetic resonance imaging 
study. Brain Res 2003;29:168-78.
13. Kishioka S, Miyamoto Y, Fukunaga Y, Nishida S, Yamamoto H. 
Effects of a mixture of peptidase inhibitors (amastatin, captopril 
and phosphoramidon) on Met-enkephalin-, beta-endorphin-, dyn-
orphin-(1-13)- and electroacupuncture-induced antinociception in 
rats. Jpn J Pharmacol 1994;66:337-45.
14. Kayser V, Elfassi IE, Aubel B, Melfort M, Julius D, Gingrich JA, 
et al. Mechanical, thermal and formalin-induced nociception is 
differentially altered in 5-HT1A-/-, 5-HT1B-/-, 5-HT2A-/-, 
5-HT3A-/- and 5-HTT-/- knock-out male mice. Pain 2007;130:235-
48.
15. Takagi J, Yonehara N. Serotonin receptor subtypes involved in 
modulation of electrical acupuncture. Jpn J Pharmacol 1998;78: 
511-4.
